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ABSTRACT
Objective  The authors had previously found ﬂ  aws in 
resuscitation after severe neonatal asphyxia in cases 
selected on the grounds of suspected malpractice and 
ﬁ  nancial compensation claims. The aim of the present 
study was to evaluate neonatal resuscitation in the 
general obstetric population in a setting with skilled 
attendance at birth.
Design Observational  study.
Setting and patients  All infants born in the Stockholm 
County during 2004–2006 with a gestational age of 
≥33 weeks, planned as vaginal delivery, with a normal 
cardiotocographic recording on admission to hospital and 
with an Apgar score of <7 at 5 min were included.
Main outcome measures  Adherence to guidelines for 
neonatal resuscitation.
Results  Documentation was unsatisfactory in 142 
(45%) infants. Other important shortcomings identiﬁ  ed 
were delayed initiation of extensive resuscitation due 
to late paging or late arrival of attending paediatrician/
neonatologist (n=48), and unsatisfactory ventilation 
related to late intubation and late securing of free airway 
(n=15).
Conclusions  Substandard care in neonatal 
resuscitation is not limited to cases of severe asphyxia 
related to claims for medical malpractice. The overall 
documentation of neonatal resuscitation needs to be 
much better to enable accurate and reliable evaluation. 
Obvious actions to improve standards of care include the 
paging of skilled personnel at an earlier stage in cases 
of complicated deliveries and team and skills training in 
neonatal ventilation.
INTRODUCTION
To improve public health and minimise individual 
suffering, global efforts are in place to improve 
mother and infant safety in conjunction with 
childbirth.1 2 However, there are still many cases 
in which severe neonatal asphyxia could have 
been avoided.3 4 In developed countries, the insur-
ance costs due to malpractice claims in conjunc-
tion with childbirth are steadily increasing and 
today, they amount to 25% of all health insurance 
costs, primarily due to lifelong compensation for 
severe disabilities caused by asphyxia.1
In a previous study of in-hospital childbirth 
with skilled attendance, we found that as many 
as two thirds of the infants with low Apgar scores 
at a postnatal age of 5 min had been subjected to 
some kind of substandard obstetric care during 
labour.5 The main pitfalls were misinterpretation 
of cardiotocography (CTG), not acting timely on 
abnormal CTG and misuse of oxytocin. We also 
studied neonatal resuscitation in the most severely 
affected infants with a ﬁ   led claim for ﬁ  nancial 
compensation due to substandard care.3 The most 
important ﬁ  ndings were related with the insufﬁ  -
cient adherence to guidelines concerning neonatal 
resuscitation, and this included delayed initiation 
of extensive resuscitation, lack of satisfactory ven-
tilation and untimely interruption of resuscitation.
Whether or not the substandard care, previ-
ously stated, is limited to the most severe cases 
or represents a more widespread phenomenon 
is poorly substantiated. The aim of the present 
study was therefore to evaluate the adherence to 
the guidelines for neonatal resuscitation in the 
general obstetric population.
METHODS
We studied a population-based cohort recruited at 
all seven delivery units in the Stockholm County 
and together it encompassed 24% (n=74 539) of 
a l l  b i r t h s  i n  S w e d e n  ( n = 3 0 9   1 4 0 )  d u r i n g  y e a r s  
2004–2006. Infants with an Apgar score of <7 at 
5 min of age and a gestational age of ≥33 weeks 
were included. The gestational age was deter-
mined by a second trimester ultrasound and the 
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What is already known on this topic
▶    Insurance costs due to claims in 
conjunction with childbirth amount to 25% 
of all health insurance costs related to 
medical malpractice.
▶    Insufﬁ  cient adherence to guidelines for 
neonatal resuscitation is common in such 
cases.
▶    It is poorly known if substandard neonatal 
care is limited to the most severe cases of 
asphyxia or if it represents a more widespread 
phenomenon.
What this study adds
▶    Substandard care in neonatal resuscitation 
is not limited to severe cases of asphyxia 
related to medical malpractice.
▶    Documentation of neonatal resuscitation 
needs to be much better to enable accurate 
and reliable evaluation.
▶    Standards of care could be improved by 
earlier paging of skilled personnel in cases 
of complicated deliveries and by team 
training and skills training in ventilation.
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infants were identiﬁ  ed by the Swedish Medical Birth Register. 
Four hundred and ﬁ  fteen infants fulﬁ  lled the inclusion criteria. 
We excluded 102 infants due to a non-reactive CTG at admis-
sion (n=60), missing case records or CTG tracings (n=31), pre-
cipitate deliveries (n=7) or lethal malformations (n=4). All 313 
cases were planned as vaginal deliveries and had normal CTG 
on admission to the delivery unit, indicating a well-oxygen-
ated fetus at that time.
Data collection
All case records were similarly scrutinised and computer-
ised by one of the authors (SB), who is a senior consultant in 
obstetrics, a graduate of the American Neonatal Resuscitation 
Provider Program and also an instructor of team training in 
neonatal resuscitation at the Centre for Education in Paediatric 
Simulator at Södersjukhuset in Stockholm.6 The reviewer (SB) 
had access to all information from each case record and was 
therefore not blinded to the ﬁ  nal outcome.
Data were collected from the standardised obstetric records 
used throughout Sweden, including CTG recordings, details 
and complications around labour including the time of pag-
ing of a physician, the date and time of birth, gestational age, 
gender, birth weight, Apgar scores at 1, 5 and 10 min, umbilical 
cord acid–base status, acts of neonatal resuscitation, admission 
to and length of stay (LOS) in the neonatal intensive care unit 
(NICU), degree of hypoxic ischaemic encephalopathy (HIE) 
and investigations during the ﬁ  rst weeks of age. Diagnoses 
during pregnancy and delivery were registered at discharge 
from hospital. The information on the degree of HIE was 
retrieved from the neonatal case records (ICD10-codes P91.0, 
P91.6, P91.6X, P91.6A, P91.6B and P91.6C).
According to national clinical guidelines in obstetrics, the 
paediatrician should be paged before a birth in cases of immi-
nent asphyxia, in breech and instrumental deliveries, and 
immediately when deliveries are complicated by shoulder dys-
tocia. In cases of unexpected asphyxia, the target time for the 
arrival of skilled assistance was set at being within 4 min after 
birth for a paediatrician and 15 min for a neonatologist.
According to guidelines used during in the study period 
(revised late in 2006 and again in 2009), clearing the airways 
from meconium and initiating bag and mask ventilation 
with initially 40% oxygen should be performed immedi-
ately on all newborns with a heart rate below 100 beats/min 
(bpm). In cases of asystolia, endotracheal intubation and the 
administration of thoracic compressions should be performed 
immediately. Early intubation (within 2–3 min after birth) was 
recommended in cases with persistent bradycardia to ensure 
free airways and satisfactory ventilation. Administration 
of adrenalin was recommended if the heart rate did not rise 
despite satisfactory ventilation. Correction of metabolic aci-
dosis should be performed in cases of refractory bradycardia 
and terminal apnoea. Interruption of resuscitation was to be 
considered, if there was no evidence of heart activity after 15 
min or if no spontaneous breathing or body movements had 
occurred during the ﬁ  rst 30 min after birth.
Based on these guidelines, we established failure events 
i n  c o n j u n c t i o n  w i t h  n e o n a t a l  r e s u s c i t a t i o n ,  s u m m a r i s e d  i n  
ﬁ  gure 1.
Statistical analyses were done in SPSS 17.0 (SPSS, Chicago, 
Illinois, USA). Data are presented as median (range) values or as 
numbers and proportions (%). The study was approved by the 
Research Ethics Committee, Karolinska Institutet, Stockholm 
(no. 2008/1375).
RESULTS
Forty per cent (n=124) of the 313 infants with Apgar scores of 
<7 at 5 min of age were born by a spontaneous vaginal deliv-
ery, 34% (n=108) by vacuum extraction, 1.6% (n=5) by forceps 
and 24% (n=76) by Caesarean section (CS), 41 of whom were 
delivered by emergency CS. In one spontaneously delivered 
infant, labour was complicated by shoulder dystocia and seven 
infants were vaginally born in breech presentation.
All 313 study infants were subjected to various actions for 
resuscitation after birth. The median Apgar score at 5 min of 
age was 5 (range 0–6) (ﬁ  gure 2). At 10 min of age, 90 infants still 
had an Apgar score of <7, 21 of whom had an Apgar score of ≤3 
and eight of these infants died later in the neonatal period.
Documentation was defective in many cases. In 16 infants 
(5.1%), there was no documentation on resuscitation and in 
126 infants (40%), documentation was incomplete (table 1).
Three hundred and ten infants (99%) were subjected to arti-
ﬁ  cial ventilation for a median of 7 min (range 1–50 min, infor-
mation on duration missing in 72 infants (23%)). The median 
time of onset of spontaneous breathing was 10 min, but nota-
tion of this constituent part was missing in 43% (n=136). 
Ventilation was unsatisfactory in 15 infants and in ﬁ  ve  of 
these infants, artiﬁ  cial ventilation was not initiated within 1 
min after birth despite apnoea and bradycardia (<100 bpm), 
Figure 1  Failure events in conjunction with neonatal resuscitation.
a) Artificial ventilation not started within 1 minute after birth in cases of apnoea and 
fetal heart rate < 100 bpm. 
b) Endotracheal intubation not performed within 3 minutes after birth in cases of 
asystolia or in cases of persistent apnoea and bradycardia. 
c) Thoracic compressions not performed despite asystolia. 
d) Adrenaline not provided despite asystole or persistent bradycardia. 
e) Correction of metabolic acidosis not performed in cases of asystole or persistent 
bradycardia.
f) Paediatrician or neonatologist not present before birth despite knowledge of delivery 
complication. 
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and in 10 infants, despite clear indications, intubation was not 
performed within 3 min after birth. Seven of these infants 
had an Apgar score of ≤3 at 10 min of age and three of these 
infants eventually died (table 2). Endotracheal intubation was 
performed in 72 infants at a median age of 3 min (range 0–184 
min), but there was no record in the notes of when it actually 
Table 1  Documentation of neonatal resuscitation in 313 newborn 
infants with Apgar scores of <7 at 5 min of age
n (%)
Apgar score 




All resuscitation documentation 
missing in case record
16 (5.1) 0 2
Unsatisfactory documentation, any‡ 126 (40) 3 3
Acid–base status not documented§ 58 (19) 5 2
Duration of artiﬁ  cial ventilation 
lacking‡
72 (24) 2 2
Duration of heart compressions 
lacking¶
8 (22) 2 2
Time for spontaneous breathing not 
noted‡
136 (46) 1 3
Time for endotracheal intubation not 
documented**
18 (25) 2 1
No arrival time for skilled assistance 
in cases of unexpected asphyxia††
37 (30) 0 0
No arrival time for skilled assistance 
in cases of known complicated 
vaginal deliveries‡‡
27 (22) 0 0
Time for correction of acidosis not 
documented
110 (62) 5 3
Flaws in documentation categorised and related to severe asphyxia and/or death.
*21 infants had Apgar scores of ≤3 at 10 min of age.
†Eight infants died during the neonatal period.
‡Available documentation for 297 infants.
§Study group, n=313.
¶Heart compressions, n=36.
**Endotracheal intubation, n=72 infants.
††n=124.
‡‡n=121; 113 instrumental, 1 with shoulder dystocia and 7 breech deliveries.








Unsatisfactory resuscitation 17/313 5.4
   Artiﬁ   cial  ventilation  not started within 
1 min after birth in cases of apnoea and 
fetal heart rate <100 beats/min
51 . 6 0 0
   Endotracheal  intubation  not performed 
within 3 min after birth§
10 71 7 3
   Thoracic  compressions not performed 
despite asystole‡
21 5 2 1
Unsatisfactory drug administration 8 43
   Epinephrine not provided despite 
asystole‡ or persistent bradycardia§
53 6 2 1
   No correction of metabolic acidosis 
despite asystole or persistent 
bradycardia§
17 0 0
    Buffer despite normal acid–base status 2 0 0
Late arrival 48 15
    Paediatrician, neonatologist or 
anaesthesiologist not present 
before birth¶
21 17 2 2
    Paediatrician, neonatologist or 
anaesthesiologist not arrived within 
4 min after birth**
27 22 2 2
Untimely interruption of resuscitation
   Resuscitation  not interrupted despite 
asystole for >15 min
30 . 9 6 3 3
Study group: 313 infants with Apgar scores of <7 at 5 min.
*21 infants had Apgar scores of ≤3 at 10 min of age.
†Eight infants died during the neonatal period.
‡13 infants had asystole at 1 min of age (Apgar score 0).
§14 infants had asystole or persistent bradycardia at 5 min of age (Apgar score ≤1).
¶Complicated vaginal deliveries (n=121).
**In cases of unexpected asphyxia (n=124).
Figure 2  Distribution of Apgar scores at 5 min in a population-based 
cohort of 313 moderately preterm and term infants resuscitated at birth.
took place in 25% (n=18). Twelve infants were intubated at an 
age of >10 min (range 11–40 min).
Thirty-six infants were subjected to heart compressions for 
a median of 3 min (range 1–22 min; information on duration 
was missing in eight infants (22%)). Three of the infants for 
whom resuscitation was not discontinued in accordance with 
prescribed guidelines (asystole for >15 min) died shortly after 
birth. Heart compressions were not performed in two infants 
with asystole at 1 min of age. Both these infants, still had an 
Apgar score of ≤3 at 10 min of age (table 2).
In 5 of 14 infants with an Apgar score of ≤1 at 5 min of age, 
two of whom had an Apgar score of ≤3 at 10 min, epinephrine 
was not administered, and one infant died (table 2).
The pH and base deﬁ  cit of blood from a cord artery sample 
taken immediately after birth were available in 81% (n=255). 
The median pH was 7.14 (range 6.63–7.44) and the median 
base deﬁ  cit was 10 (range 1–28.7). One hundred and seventy-
six infants were treated with buffer, however, the time point 
for correction of acidosis was noted in only 38% (n=66). The 
median time point for acidosis correction was 15 min (range 
1–150 min). Two infants with a normal acid–base status were 
also treated with buffer while one infant with asystolia was 
not treated with buffer (table 2).
Information relating to the attending physician and his/her 
time of arrival was not routinely noted nor was the level of 
expertise. The only regular notation was whether a physician 
at any level of education was present and if a neonatologist had 
been paged.
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In 27 (22%) of the 121 vaginal deliveries in which abnormal-
ities were noted before delivery and which would normally 
mandate the presence of a physician (eg, instrumental deliver-
ies, shoulder dystocia or breech deliveries), no such presence 
(paediatrician, neonatologist or anaesthesiologist) before birth 
was noted. In cases of unexpected asphyxia (n=124), the time 
of arrival of the physician was not noted in 37 infants (30%) 
(table 1). The time of arrival exceeded 4 min in 27 infants, two 
of whom had an Apgar score of ≤3 at 10 min and they both 
died later (table 2).
Two hundred and thirty-one infants (74%) were admitted 
to the NICU. The median LOS in the NICU was 4 days (range 
1–240), but for the 21 infants being ventilated for more than 
24 h (range 1–10 days) the median LOS was 15 days. Thirty-
ﬁ  ve infants were transferred to another hospital shortly after 
birth, four of whom were treated with hypothermia. Fifty-six 
(18%) infants suffered from convulsions during the neonatal 
period. The number of infants upon whom EEG was per-
formed could not be retrieved, but notations of abnormal EEG 
were found in 41 infants.
The degree of HIE was determined in 62 infants. Among 
those, HIE I was diagnosed in 25, HIE II in 29 and HIE III in 
8 infants.
DISCUSSION
Immediate resuscitation is of crucial importance when a new-
born infant is depressed around birth. In our cohort, 5.6 per 
1000 moderately preterm or term infants had an Apgar score of 
<7 at 5 min of age, which is in line with previously published 
national data.7 Even if the proportion of newborn infants 
requiring skilled assistance at birth may be considered to be 
small, the consequences of not receiving timely and correctly 
performed resuscitation may be lifelong impairment or even 
death.
In this population-based study, we found several indicators 
of substandard care in the neonatal resuscitation of 313 infants 
with Apgar scores of <7 at 5 min of age. The most common 
ﬂ  aw was unsatisfactory or lack of documentation of resuscita-
tion, which was observed in almost half of the cases. This does 
not necessarily imply substandard care, but may be a warning 
sign that ought to be elucidated. The lack of or defective docu-
mentation may be a limitation of this study and consequently 
the results of our study should be interpreted with caution. 
However, detailed notes of advanced life-support actions are 
mandatory according to the Patient’s Bill of Rights. Despite 
the difﬁ  culties associated with the prioritisation of documen-
tation in these stressful situations, it is necessary. This is par-
ticularly critical in severe cases in which questions often arise 
regarding the time frame for the injury (antenatal, perinatal 
or postnatal) and also whether substandard care or even mal-
practice in conjunction with labour has taken place.8 To facili-
tate reliable documentation and evaluation in the future, we 
suggest the implementation of a simple and straightforward 
preprinted protocol and/or the recording by a video camera 
mounted on top of the resuscitation table of all neonatal resus-
citations.9 10
With improved neonatal care as the prime goal, systematic 
audits such as these can be beneﬁ  cial. During the last 10 years, 
mandatory neonatal resuscitation skills training has been 
introduced. This training has focused on increased knowledge 
about as well as anticipation of complications during labour, 
early paging for specialist assistance, team communication, 
documentation and also speciﬁ  c procedures such as ventilation 
and heart compression. Due to the constant risk of unexpected 
asphyxia, it is necessary that all staff involved in the manage-
ment of the newborn is continuously trained in how to antici-
pate and handle complications in conjunction with labour 
while awaiting the arrival of more skilled personnel.11
Nevertheless, it is important to try to evaluate the effec-
tiveness of the team and its compliance with the guidelines 
relating to neonatal resuscitation from the data in hand. The 
crucial period for improvement in cases of severe asphyxia at 
birth is a maximum of 10 min, and it is therefore necessary 
that midwives and obstetricians in the delivery unit initiate 
immediate ventilation and also that more skilled members of 
staff participate within a few minutes.6 Since ventilation is 
the most important intervention in cases of neonatal resuscita-
tion, we consider the most perturbing ﬁ  ndings to be the docu-
mented delay in the arrival of professionals skilled in neonatal 
ventilation. We were unable to determine why some infants 
were late in receiving endotracheal intubation but one reason 
may be the late paging of skilled staff together with the lack 
of possibility to prepare for this intervention. Other explana-
tions for this ﬁ  nding include satisfactory mask ventilation or 
intubation failure. In our study, it was noted that resuscitation 
was delayed by the absence of skilled professionals in 21 of 
121 vaginal deliveries with complications noted before deliv-
ery in which a depressed infant could have been foreseen. In 
addition, in 27/124 deliveries with unexpectedly asphyxiated 
infants, a skilled physician had not arrived to assist resuscita-
tion within the stipulated 4 min after birth and this may have 
aggravated the asphyxia.
Even if the majority of protocol deviations deﬁ  ned in this 
study are uncontroversial, failure to interrupt resuscitation 
after 15 or 30 min is contestable. There could have been clini-
cal situations in which the attending physician may have 
considered continued resuscitation despite a longstanding 
asystole or persistent apnoea. For example, the parents may 
have opposed the discontinuation of resuscitation. Drugs 
administered to the mother immediately before delivery may 
have depressed spontaneous breathing in the newborn infant, 
thus demanding continued artiﬁ  cial ventilation after birth. An 
unclear diagnosis of intrapartum asphyxia – for reasons other 
than depressant drugs – may also have contributed to a deci-
sion to continue resuscitation beyond the stipulated point of 
no return.
An acid–base status immediately after birth was available 
in 81% (n=255) of infants. The value of the correction of meta-
bolic acidosis in newborn infants has been questioned and in 
more recent versions of guidelines for neonatal resuscitation, 
buffer therapy is not routinely recommended.12 However, dur-
ing the study period, buffer therapy was still recommended in 
depressed infants and 176 infants were treated with buffer but 
the time point for the correction of acidosis was noted in only 
38%. The point of time for the correction of acidosis was miss-
ing in too many cases to allow for the provision of meaningful 
information regarding whether the time point for acidosis cor-
rection could be related to outcome or not.
We have previously reported that low Apgar scores at 5 min-
utes of postnatal age could have been prevented in approxi-
mately 40% in this group of 313 infants if substandard care 
during labour had been avoided.5 This is an important observa-
tion since recent long-term follow-up studies have shown that 
irrespective of whether the resuscitated infants recover with-
out HIE, these infants have an increased risk of a low IQ and/
or cognitive dysfunctions later in life.13–15 Prerequisites and 
guidelines for safe delivery vary between delivery units and 
parts of the world, but some recommendations could improve 
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neonatal outcome in general. First, since many circumstances 
causing severe asphyxia are predictable and may be prevent-
able, we propose that the professionals in charge (anaesthesi-
ologist, paediatrician and obstetrician) contact each other for 
reconciliation at least at the beginning of every shift to enable 
the anticipation of any complications. Second, we propose the 
introduction of an early paging routine (before birth) of the 
most skilled available staff when obstetrical complications or 
imminent asphyxia can be foreseen. Third, we recommend 
mandatory team training and skills training in fetal surveil-
lance, obstetrical emergencies and neonatal resuscitation with 
a special focus on initiating extensive resuscitation.16 Finally, 
we suggest that simple guidelines and algorithms for the stan-
dardised operation of procedures should be readily available in 
the delivery unit.
In this study , only four infants w ere trea ted wi th h ypo-
thermia. Although hypothermia is nowadays evidence-based 
therapy to prevent adverse outcome after neonatal asphyxia,17 
and despite the fact that signiﬁ  cantly more than four of the 
infants included in the study fulﬁ  lled the criteria for cooling, 
the infrequent use of neonatal hypothermia can be explained 
by the fact that this therapy had not been established as a cus-
tomary standard of care during the 2004–2006 study period.
CONCLUSIONS
Substandard care in conjunction with childbirth is not conﬁ  ned 
to the cases of severe asphyxia that are ﬁ  led for suspected mal-
practice. The neonatal resuscitation documentation was too 
poor in many cases to enable accurate and reliable evaluation 
and audit. Nevertheless, this study points to several possibilities 
for improvements in immediate neonatal resuscitation follow-
ing delivery. The most important action to be taken is earlier 
paging for the assistance of skilled personnel in cases of compli-
cated deliveries and in cases of unexpectedly depressed infants.
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